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1. ,Introductiom

What is the flow induced bY an isolated steady souce or

sink bemeSta a tree si face? This siiple question does et appear

to have a simple maser. If the source is a line source of strength

a, in tw-dimusional irrotatiioal flow of an i&oeppsible isviscid

fluid of infinite depth, and is situated at subarp e s beneatW

the undisturbed level of the free surface under pvity . the

there is only one dimmmsionless pasrmter. the (squared) Proude

PI • a(g) (t.1)

end we eight e Ipect to find a solutilo for every value of Ft.

In fact, toe problem ainao be solved vithovt further

Specification of the matu of the free-surfae distibew imildately

above the somre. Sam previou isaestiptors 121. 1)) have assme

a stapstlmn point. and h" oSt results for mall values of P',

purther studies of this type of flow be been mde recently by toe

present uthors. said will b. eported else*wer. A feature of thewo

stalPtion-point solutIons is the preswe of hort wave, hich

steepen as F1 iscreases, end these solutio s om to be confined

to Ft 4 4.
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It e trce ( toS, old at 6a0 discrte set of values * , $0
. wvik OC > 0 nd 60 I. a in addition require

kJib tRl) a1d U.14) to held. there results a set of N*2 non-

linear alsobrim 0,iliems sieelvia8 the NO| coefficients b, .

*4.l|Z,..6 , sari aa e rical .nehods cam be used to solve this
"I of eqt0ie". k first ie nest decide just bow way of the

CWHItl ii i we to be could"re as vok"ebw.

1 It e @ ede wAm r F is proseribed. then (2,6) determines

110 *im; Ceetfficie. be to plemcipleo it is then possible to

offel 6,.41o .% as a *#I of I oM"oe4s oever, all attempts

se to w Al. s ki m with Iep be faled, Tbore was som indication

1"s *to* I G #o 4 3.9. 4 wns was aem, and it was then suspected

q14 0 *0i*4aen4 @gbt! *t101 *lof tor WM Spe l Fruode meber.

0410 s too SO a e selme 4s tis rswe. Therefore, the nuerical

PfwlWv* set@, Wmmifi to allow b, to be an ws own rather than

alw 4N" a i f#sSi, and The ro sli s Imedate and complete success,

,IF* #p41 4meq rlmi toa 900iwo. at be * 18t.61. I.e. F, - 12.622.

M o A W1 %Wt- # * a d c o m t or a i on , a w h ic h , i t b

4* at, spoillou le t 46aJessid soleilo, thew a better approximtion

is . of to tb io otaened 6W solvilvo
0 0

1 #J* P(Se5

It so Omw W%4I, (Ji 1 m bI e solsvd bJect to "he linear

tsofti#*,* ; Va. (; e411 *F ear sta-4md illar-equaton peck&$e.

It i *t Jiflt.ll t obtae an "plicit Ibmima ftr the mitrix
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element aP/b ) by differentiation of (2.8)-(2.11). Uniformly

spced 8h were found to be satisfactory.

The iteration process can be started with guessed values such

as be-l.8, bl-O.S, b2-O.6, b3m-0.1, and all other coefficients zero.

In practice it was found convenient to start with a low value (say 5)

for N, and, once the iteration converged at that N, to use the

reuting coefficients as a starting guess for iterations at a higher

value of N. Convergence is very rapid at any fixed N, no more

thum S iterations being ever needed to reduce the maximum value of

P(O ;bj ) below 10-.

Table 1 shows values of bo from a run in which N was

successively increased in steps of 5. The final value b0=1.84257

at 1125 is accurate to at least S figures. Table 2 shows the

coefficients b , j=0,l,2,...,l0. The free surface is shown in

Figure 1. All computations were carried out on a TRS-80 micro-

computer.
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TABLE I

N bo

5 1.86935

10 1.84223

is 1.84260

20 1.84256

25 1.84257

TABLE 2

j b,

0 1.84257

1 0.4132S

2 0.55982

3 -0.06731

4 0.01766

5 -0.00613

6 0.00248

7 -0.00111

8 0.00053

9 -0.00027

10 0.00014
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4. Conclusion

We have provided here both negative (failure to achieve solutions

at general input bo values) and positive (success to high accuracy

with bo as an unknown) numerical evidence that a cusp-like flow

exists only for a unique Froude number, close to F2 a 12.622.

Several questions are raised by this conclusion. If this cusped

solution exists only at F2 a 12.622.., what happens at F2 a 12 or

F2 = 13? The present conclusion relates only to existence of a steady

flow, and an obvious but hardly satisfying answer to the above question

is that, if the source-like flow is started from rest, a steady state

cannot be achieved if F2 # 12.622... But then, what happens instead

of a steady state?

It is also notable that our present steady results are

independent of the sign of m, i.e. are as valid for sinks as for

sources. In practice, it seems rather more likely that a steady

flow with a downward-cusped free surface could occur for a sink,

than for a source. Although the steady equations are independent of

the sign of m, this is not so for the corresponding unsteady

equations, and it is p issible that the present solutions could be

stable for m < 0 but unstable for m > 0.
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